Abstract. We present a polymerase chain reaction−restriction fragment length polymorphism method to simultaneously distinguish the two Anopheles gambiae M and S molecular forms and Anopheles arabiensis. This method uses different diagnostic sites than previously published methods, and it is based on the amplification of a smaller ribosomal DNA fragment. We have tested this protocol in a variety of samples from different geographic regions and various ages of preservation to ascertain the robustness of this protocol over a wide geographic window and on DNA templates of poor quality. This procedure is as efficient as previous ones in discriminating An. arabiensis from the two taxa in An gambiae s.s. However, it performs better than others on poor quality templates such as the ones from museum collections, and poorly stored field collected material. However, it must be noted that it does not allow the simultaneous discrimination of all the species in the An. gambiae complex.
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The Anopheles gambiae complex presently includes seven species: gambiae (sensu stricto), arabiensis, quadriannulatus A and B, merus, melas, and bwambae. The complex is replete with chromosomal inversion polymorphisms within species and aspects of inversion polymorphism in the An. gambiae complex have been reviewed by several investigators.
1−7 All taxa of this group are native to sub-Saharan Africa. The two most widespread and important species from an epidemiologic standpoint are An. gambiae and An. arabiensis. Both are closely associated with human habitats in Africa, readily bite humans, and are efficient vectors of malaria, Bancroftian filariasis, and some arboviruses.
A surprising finding is the indication that further subdivision of the species of the gambiae complex may exist. Based on gene arrangements of the 2R chromosomal arm (differing by inversions) five "chromosomal forms: have been recognized in An. gambiae s.s. (Mopti, Bamako, Forest, Savanna, and Bissau).
2−7 Molecular studies of these "forms" have confirmed the existence of genetic discontinuity in this species. Diagnostic difference in the intergenic sequence (IGS) and internal transcribed sequence (ITS) regions of ribosomal DNA (rDNA) on the X chromosome distinguish two "molecular forms", called M and S. 8−15 Recently, nucleotide substitutions in intron I of the voltage-gated sodium channel gene located on the second chromosome have also been shown to segregate according to the M and S molecular forms. 16, 17 The correspondence between chromosomal and molecular forms is not completely resolved and it varies in different areas of the geographic range of the species. 10, 14, 15 Understanding the spatial distribution of the molecular and chromosomal forms has important epidemiologic implications for the control of these most efficient vector species because ecologic and behavioral studies have shown that these forms may differ in their ecology and possibly transmission capacity. 6, 18 In this context, it is important to have easy and quick methods to diagnose the M and S forms. Three methods have been already published, all based on diagnostic size and site difference within the rDNA IGS region. The first 12 includes a preliminary polymerase chain reaction (PCR) step to identify An. gambiae s.s. 19 from the other species in the complex followed by the PCR amplification and restriction digestion of a 1.3-kb fragment of the IGS region. The second method combines the preliminary PCR step 19 with a second PCR, and is based on primers designed on the diagnostic M/S site. 13 The third method 20 is a PCR-RFLP method that combines the protocol developed to distinguish the species within the An. gambiae complex 19 and a restriction digestion using Hha I to distinguish M and S forms. The first method 19 has been the most widely used, the second one is less reliable because of its sensitivity to PCR assay conditions, and the third one is the current method of choice, being recently and successfully adopted by several groups.
In this paper, we describe a new PCR-RFLP method that has been developed to work on DNA template of poor quality. These include old specimens from museum collections or poorly stored field-collected material. The procedure is based on a PCR amplification of a smaller fragment of the IGS region than other assays, followed by RFLP analysis of a different M/S diagnostic site from the one used before, located at position 647 in relation to the An gambiae sequence AF470116 (Figure 1 ), a position internal to the IGS fragment used for species identification. 19 The method takes advantage of the fact that there are multiple variable sites in both the IGS and ITS regions that co-segregate with the site initially used for M/S identification. 14, 15 The primers IGS441 Forward (5Ј-TGG TCT GGG GAC CAC GTC GAC ACA GG-3Ј) and IGS783 Reverse (5Ј-CGT TTC TCA CAT CAA GAC AAT CAA GTC-3Ј), located in positions 441-466 and 781-754 of the An gambiae (GenBank sequence AF470116), amplifies a 288-basepair fragment of the An. gambiae and An. arabiensis IGS region (Figure 1 ). The PCRs are carried out in a volume of 15 L using PCR buffer I (Applied Biosystems, Foster City, CA), 2.5 mM MgCl 2 , 0.5 mM of each dNTP, 6 pM of each primer, and 0.5 units of AmpliTaq Gold polymerase (Applied Biosystems). Cycling conditions include an initial 10-minute denaturation step at 94°C, followed by 30 cycles, each consisting of 30 seconds at 94°C, 30 seconds at 58°C, and 30 seconds at 72°C; the final products are extended for seven minutes at 72°C. After amplification, one unit of Mse I and 1× buffer 2 (New England Biolabs, Beverly, MA) ) is added to the PCR. Digestion is carried out for at least three hours at 37°C followed by separation of the bands by electrophoresis on a 1.5% agarose gel. The number and size of the digested fragments allow the simultaneous differentiation of An. arabiensis and An. gambiae M and S. The S form does not have any Mse I restriction site. The M form and An. arabiensis have Mse I sites located in different positions (Figure 1 ). Figure 2 shows the restriction profiles obtained for An. gambiae M and S, and for An. arabiensis.
To be of diagnostic value, this protocol needs to be as reliable as previous methods over a wide geographic scale. 14, 15 To be preferred over other protocols, it needs to be perform better in a given set of circumstances than other methods. To evaluate the first point, we used this protocol in parallel with the method of Fanello and others. 20 On 123 samples of An. arabiensis and An. gambiae M and S from 13 sub-Saharan countries: Angola, Benin, Burkina Faso, Cameroon, Congo, Ghana, Cô te d'Ivoire, Mali, Nigeria, Senegal, Tanzania, The Gambia, and Sao Tomé (a list of specimens and form identification are available from the first author upon request). This screening was important because this new assay is based on a different diagnostic site than the previous ones (position 540 in AF470116); thus, we needed to test if it holds over the same large geographic window. For all 123 samples tested, the new method gave the same result as the protocol of Fanello and others, 20 correctly identifying the An. gambiae M and S forms, the An. arabiensis samples, and one M/arabiensis hybrid.
To evaluate if the new method was more successful than the protocol of Fanello and others 20 when using DNA of poor quality, we performed the two assays on DNA extracted from single legs of museum specimens. The analysis was carried out on 16 pinned specimens from 1970, 1972, and 1985 from Banambani, Mali and Ouagadougou, Burkina Faso. Isolations of DNA were carried out using the Easy DNA Kit (Invitrogen, Carlsbad, CA) after homogenization in liquid nitrogen. In our experience, grinding specimens in liquid nitrogen gives better DNA yields than standard homogenization procedures, when dealing with dry field−collected, museum-preserved material, and also larval collections. Conversely, the Invitrogen kit DNA extraction protocol gives only marginally better yields than standard non-kit−based DNA extraction procedures. The new PCR-RFLP method described here allowed M/S diagnosis for all the museum samples, while the method of Fanello and others 20 on the same DNA extractions failed. We did not compare this new method with the other available protocols because they are based on larger PCR fragments than the method of Fanello and others, 20 and thus are unlikely to perform better than this method on degraded templates.
If one uses the same protocol, it is possible to amplify the same-sized PCR product for all the species within the An. gambiae complex. The An. merus and An. bwambae PCR fragments have a Mse I site that produces a species-specific restriction profile with two bands each (An. merus: 77 and 213 basepairs, An. bwambae: 74 and 214 basepairs). Thus, if these fragments were subjected to electrophoresis on 2−3% agarose gels rather than the standard 1.5% gel we used for this assay, it will be possible to distinguish An gambiae S specimens from An. merus and An. bwambae. However, it must be pointed out that this assay cannot distinguish An. quadriannulatus and An. melas from An. gambiae S, since no Mse I site occurs in the PCR fragment. This limits the use of this method for species identification to areas where An. melas and An. quadriannulatus do not co-occur with the other taxa. However, given the range overlap of these species with the other members of the An. gambiae complex, this method is still useful for samples collected in most of sub-Saharan Africa. 21 In conclusion, this method seems as robust as previous ones in identifying the M and S molecular forms within An. gambiae s.s. and A. arabiensis. The results suggest that it is also better suited than previously published protocols to deal with DNA templates of low quality such as the ones from old museum collections, poorly preserved field-collected material, or degraded DNA templates. 9) . The GA70 and GA72 samples were from Banambani, Mali and the GA85 samples were from Ouagadougo, Burkina Faso. the method, and Jeffrey Powell for financial advice and support. We also thank two anonymous reviewers for their useful comments. 
